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Abstract

With the rapid development of research on coronavirus
disease 2019 (COVID-19), more and more attention has
been drawn to its damage to extrapulmonary organs.
There are increasing lines of evidence showing that liver
injury is closely related to the severity of COVID-19, which
may have an adverse impact on the progression and prog-
nosis of the patients. What is more, severe acute respira-
tory syndrome coronavirus-2 infection, cytokine storm,
ischemia/hypoxia reperfusion injury, aggravation of the
primary liver disease and drug-induced liver injury may all
contribute to the hepatic damage in COVID-19 patients;
although, the drug-induced liver injury, especially idiosyn-
cratic drug-induced liver injury, requires further causality
confirmation by the updated Roussel Uclaf Causality As-
sessment Method published in 2016. Up to now, there is
no specific regimen for COVID-19, and COVID-19-related
liver injury is mainly controlled by symptomatic and sup-
portive treatment. Here, we review the clinical features of
abnormal liver enzymes in COVID-19 and pathogenesis of
COVID-19-related liver injury based on the current evi-
dence, which may provide help for clinicians and research-
ers in exploring the pathogenesis and developing treat-
ment strategies.
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Introduction

Coronavirus disease 2019 (COVID-19) is an acute infectious
respiratory disease caused by severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2), which is currently in
the global pandemic stage. According to statistics, the aver-
age duration from onset of symptoms to hospital discharge
of COVID-19 patients is about 24.7 days, with a crude case
fatality ratio of 3.67%, which poses a severe threat to hu-
man public health.! Although COVID-19 mainly causes res-
piratory failure, an increasing number of extrapulmonary
organ dysfunction cases have been reported, especially in
critically ill patients.?2 About 14-53% of patients have pre-
sented elevated levels of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) at varying degrees
during COVID-19,3 suggesting that liver injury may be a
common extrapulmonary manifestation of COVID-19. In
this work, we reviewed the current research progress of
abnormal liver enzymes in COVID-19, which may deepen
our understanding of its characteristics and pathogenesis,
ultimately providing help for future studies.

Definitions of COVID-19-related liver injury

At present, there is no unified standard for the definition
of COVID-19-related liver injury. The China Digestion As-
sociation and the Chinese Society of Hepatology published
a standard depending on the upper limit of normal (ULN) of
liver enzymes. In this protocol, COVID-19-related liver in-
jury is defined as a significant abnormality in liver biochemi-
cal test during the occurrence, development and treatment
of COVID-19, namely ALT or AST >3 ULN, or total bilirubin
(TBIL) >2 ULN, regardless of whether there has been any
underlying liver disease in the past.* The patterns of liver
injury in COVID-19 were classified as three types:> hepa-
tocellular, if ALT and/or AST >3 ULN; cholestatic, if alkaline
phosphatase (ALP) or gamma-glutamyl transferase (GGT)
>2 ULN; and mixed type, if patients have both laborato-
ry abnormalities. Some studies have used other standard
definitions of ALT cut-offs. In these studies, liver injury was
categorized into the following three grades based on ALT
values: mild, if the ALT value was between 1 and 2 ULN;
moderate, if between 2 and 5 ULN; and severe, if >5 ULN.6

ALT is a more specific marker for liver injury than AST,
due to the more predominant extra-hepatic sources of AST,
rendering it less liver-specific.®7 However, the serum activ-
ity of AST may be a more sensitive indicator of liver injury in
conditions such as acute hepatic ischemia, alcohol-related
liver disease, and some cases of autoimmune hepatitis.”-10
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It is still unknown how SARS-CoV-2 impacts the liver. Liver
biochemical abnormalities in COVID-19 can be caused by
acute hepatic ischemia, hypoxia, aggravation of the primary
liver disease, and drug-induced liver injury (DILI). Thus,
the definition of liver injury by ALT cut-offs is incomplete
or rigorous due to the variable patterns of liver enzyme ab-
normalities. Actually, it is recommended that the best dis-
criminant values for recognizing acute liver injury are 200
U/L for AST and 300 U/L for ALT.1! Nevertheless, due to
the multifactorial reasons for abnormal liver enzymes in the
clinical settings, the definition of COVID-19-related liver in-
jury needs to be further explored.

Demographic and clinical characteristics of COVID-19
with abnormal liver enzymes

Demographic characteristics

For demographic characteristics, recent research studies
have shown that male sex and increased age are associated
with abnormal liver enzymes in COVID-19.

In the initial studies characterizing COVID-19 patients,
male sex was one of the common factors associated with
abnormal liver enzymes.>12:13 In a study, the ratio of males
to females was 4:1 for patients with liver injury.14 Li et al.15
found that male sex correlated with elevated ALT and AST
levels (p=0.027 and 0.036, respectively). Notably, male sex
has been reported to associate with hospital admission.1®
Previous research found an increased male susceptibility to
severe acute respiratory syndrome coronavirus (SARS-CoV)
mediated by differences in estrogen receptor signalling,!”
so it is worth further exploring whether sex-specific differ-
ences also exist in SARS-CoV-2 infection. Furthermore, sex
has been shown to influence ALT activity,'® as men tend to
have a higher serum ALT activity than women.” This may
explain the higher percentage of males in COVID-19-related
liver injury.

Further studies showed that age, male sex and body mass
index (commonly known as BMI) were predictors of peak
hospitalization in patients with abnormal liver enzymes >5
ULN.>319 However, in another study, although advanced age
was associated with poor prognosis, multivariate analysis
found that younger age was one of the most effective pre-
dictors of severe liver injury (ALT >5 ULN).® This contra-
diction may be explained by the overactive immune and
inflammatory response to COVID-19 in young patients.

Additionally, it has been reported that the prevalence of
abnormal liver enzymes in the USA-based cohorts is consid-
erably higher than that in Chinese cohorts.20:21 The preva-
lence of ALT and AST elevations in Chinese cohorts ranged
between 4-33% and 4-53% respectively, while the elevat-
ed admission ALT and AST were up to 39.0% and 58.4% in
a large New York, USA cohort.20-22 Higher BMI and metabol-
ic-associated fatty liver disease (MAFLD) prevalence in the
USA may explain some of the discrepancies with Chinese
cohorts.20.21,23

Laboratory examination characteristics

Increased ALT and AST levels were the most common ab-
normality found among the liver enzymes in COVID-19.
Most patients presented mild to moderate elevation, rarely
with more than 10 ULN abnormalities. The increase of GGT
and TBIL were relatively common, while ALP level was usu-
ally not increased. In addition, inflammatory markers, such
as C-reactive protein (CRP), procalcitonin (PCT), serum fer-
ritin (SF) and interleukin (IL)-6, have tended to show an in-
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crease that is more obvious in COVID-19-related liver injury
patients.5:12,14,20,24-26

A study that included 417 COVID-19 cases showed that a
total of 318 patients had abnormal liver enzymes, of which
more than 90% showed mild (<2 ULN) at admission; pa-
tients with elevated ALT, AST, GGT, and TBIL levels exceed-
ing 3 ULN during hospitalization accounted for 10.4%, 5.7%,
11.6%, and 2.8%, while ALP level did not increase signifi-
cantly.> Further studies determined the dynamic changes
of the patterns of liver enzymes in COVID-19-related liver
injury.12:14.20 The study by Lei et al.12 showed that in severe
patients, AST was significantly elevated first at admission,
followed by ALT elevation, and the fluctuation of TBIL and
ALP levels was relatively slight. Further analysis found that
the above elevated biochemical indexes were significantly
associated with adverse outcomes of COVID-19, among
which AST was associated with the highest mortality risk.12
Similar results were shown by other studies, 42026 and cor-
relation analysis found that AST highly correlated with ALT
throughout the illness course.

Notably, abnormal liver enzymes could also associate with
systemic involvement of COVID-19. The study conducted by
Bloom et al.2% showed that AST had mild to moderate cor-
relation with creatine kinase (CK), lactate dehydrogenase
(LDH), CRP, erythrocyte sedimentation rate (ESR), and SF.
Piano et al.?¢ also found that patients with abnormal liver
enzymes had a more severe systemic inflammation, sug-
gesting collateral hepatic damage from systemic inflamma-
tion driven by COVID-19. Of note, some studies proposed
that elevated AST in COVID-19 presented more like a cyto-
toxicity response rather than liver damage, which may po-
tentially involve the muscles.27:28 Other studies found that
AST was strongly correlated with ALT throughout the illness
course and to a less extent with CK, reasonably suggesting
that liver injury was the predominant source of aminotrans-
ferase elevation.12,14,20,26

Imaging changes

Xie et al.?® used computed tomography (CT) scores to
analyze the relationship between chest CT manifestations
and liver injury in patients with COVID-19, and the results
showed that the CT scores in the liver injury group were
significantly higher than those in the non-liver injury group
(p<0.05); the incidence of liver injury in patients with CT
scores <5, 5-15 and >15 were 13.3%, 36.4% and 77.8%,
respectively; further analysis showed that CT score was an
independent predictor of liver injury. Another study found
that patients with abnormal liver enzymes had more fre-
quent bilateral consolidation at chest X-ray than those with-
out (44% vs. 32%; p=0.006).26 Pulmonary imaging find-
ings could accurately reflect the progression of COVID-19.
Although the causal relationship between pulmonary CT
findings and liver injury was not clear, CT score, as an inde-
pendent predictor of liver injury, suggested that liver injury
may be associated with disease severity. Therefore, for pa-
tients with severe pulmonary imaging manifestations, liver
function should also be monitored when treating respiratory
diseases.

Furthermore, Bhayana et al.3° found that bowel abnor-
malities and cholestasis were common findings on abdomi-
nal imaging of patients with COVID-19. Among right upper
quadrant ultrasounds, 87% (32 out of 37) were performed
due to liver laboratory findings in intensive care unit (ICU)
patients, and 54% (20 out of 37) demonstrated a dilated
sludge-filled gallbladder which suggested cholestasis. Al-
though the basic disease status of patients with cholesta-
sis had not been analyzed, this research showed that not
only the abnormal liver enzymes but also the cholestasis
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could be present in COVID-19 patients. Indeed, based on
limited evidence, the prevalence of cholestatic type has
ranged from 24% to 29.25% in COVID-19 patients with
abnormal liver enzymes,526 and whether these patients
have radiologically detectable cholestasis is worth further
exploration. Notably, cholestasis could lead to severe liver
damage if not effectively controlled, so it is necessary to
provide timely and effective treatment for patients with
cholestasis.

Pathological findings

At present, reports of the liver histopathological features of
COVID-19 patients are limited. Previous studies have found
that moderate microvesicular steatosis and mild periportal
lymphocytic inflammation were the most frequent patho-
logical findings in the liver of COVID-19 patients, indicat-
ing that either SARS-CoV-2 infection or DILI could cause
the injury.5:31-34 Elsoukkary et al.3> observed peculiar ba-
sophilic structures of unknown origin in sinusoidal endothe-
lium in 36% of COVID-19 patients. Notably, SARS-CoV-2
RNA has been detected in liver tissue by polymerase chain
reaction.32:34 Lagana et al.3¢ analyzed the hepatic findings
in autopsy specimens from 40 patients who died of COV-
ID-19 complications. The results showed that macrovesicu-
lar steatosis was the most common finding (75%), followed
by lobular necroinflammation (50%), portal inflammation
(50%) and cholestasis (38%). Furthermore, a recent study
showed that a large number of apoptotic hepatocytes and
prominent binuclear hepatocytes were found in liver au-
topsies of two COVID-19 patients.37 Although no obvious
viral inclusion bodies were found, transmission electron mi-
croscopy examination revealed that hepatocyte cytoplasm
contained a large number of typical coronavirus particles
with spike structure.3? In addition, obvious virus invasion
manifestations, such as mitochondrial swelling, endoplas-
mic reticulum dilatation and impaired cell membrane, were
also found, suggesting that SARS-CoV-2 can directly infect
hepatocytes and lead to liver injury.37

Association between abnormal liver enzymes and
clinical outcome of COVID-19

At present, a large number of studies have shown that liver
biochemical abnormalities are more prevalent in severe pa-
tients. Guan et al.38 collected 1,099 COVID-19 cases from
552 hospitals in China, and found that the incidence of el-
evated AST, ALT, and TBIL levels in severe patients were
significantly higher than those in non-severe patients (AST:
39.4% vs. 18.2%; ALT: 28.1% vs. 19.8%; TBIL: 13.3% vs.
9.9%;). Among 82 hospitalized patients who died of COV-
ID-19 in Wuhan, 78% had liver injury, and further analysis
showed that AST (p=0.002) and ALT (p=0.037) were signif-
icantly correlated with the time from initial symptom onset
to death.3° Furthermore, a study involving 1,590 COVID-19
cases showed that patients with elevated AST, ALT and TBIL
levels at admission had case fatality rate of 68.6%, 54.3%
and 39% respectively, suggesting that abnormal liver en-
zymes may be related to poor prognosis.49 In another large
cohort study, the clinical course of 145 patients with severe
liver injury (ALT >5 ULN) was worse, including higher rates
of ICU admission (69%), intubation (65%), renal replace-
ment therapy (33%), and mortality (42%).6 Therefore, the
severity of COVID-19 is closely related to liver injury, which
may predict adverse clinical outcomes.

Recently, with the increase of clinical data, the relation-
ship between liver injury and the clinical outcomes of COV-
ID-19 is being explored further. Ponziani et al.#! found that

baseline of liver enzyme abnormality was associated with
increased risk of ICU admission (odds ratio: 2.19 [95% con-
fidence interval: 1.24-3.89], p=0.007) but not with mortal-
ity (odds ratio: 0.84 [95% confidence interval: 0.49-1.41],
p=0.51), and it tended to normalize over time. However,
more studies have shown that liver enzyme abnormality is
an independent predictor of poor prognosis for COVID-19
patients.26:42:43 Yip et al.*2 found that the incidence of el-
evated ALT/AST levels and acute liver injury were signifi-
cantly higher in COVID-19 patients who developed adverse
clinical outcomes (including ICU admission, use of invasive
mechanical ventilation and/or death) than in those who
did not (ALT/AST elevation: 70.9% vs. 19.1%, p<0.001;
acute liver injury: 14.5% vs. 0.9%, p<0.001); multivari-
ate analysis showed that ALT/AST elevation and acute liver
injury were independently associated with adverse clinical
outcomes. Similarly, the study by Piano et a/.26 showed that
liver enzyme abnormality was an independent predictor of
transfer to ICU or death. Therefore, according to current
evidence, it is necessary to regularly monitor the liver func-
tion of COVID-19 patients.

COVID-19-related liver injury in special populations

Pediatric patients with COVID-19: Severe COVID-19 is
not common among children. The Chinese Center for Disease
Control and Prevention survey of 72,314 cases of COV-
ID-19 confirmed that the proportion of children under 10
years of age was less than 1%, most children presented
with mild symptoms or asymptomatic infection.44 A study
of 171 children with SARS-CoV-2 infection admitted to Wu-
han Children’s Hospital showed that the incidence of ele-
vated ALT and AST were 12.1% and 14.6%.4> Wang et a/.4®
analyzed 31 cases of SARS-CoV-2 infection in children from
six provinces in northern China and found that 22.2% of
them had elevated transaminases, with the peak values of
ALT and AST levels being 68 U/L and 67 U/L, respectively.
Due to the rare occurrence of liver enzyme abnormalities
in children with COVID-19, the American Association for
the Study of Liver Diseases warns that COVID-19 children
with elevated AST or ALT should be fully evaluated for po-
tential liver disease and other infections.4” Notably, Cui et
al.*8 reported a female infant case presented with pneu-
monia, liver injury and heart damage after infection with
SARS-CoV-2, suggesting that children with COVID-19 may
also suffer from multiple organ damage and rapid disease
changes.

COVID-19 patients with chronic liver disease (CLD):
CLD poses a major public health burden. Patients with
CLD, especially those with advanced liver diseases, such
as cirrhosis and liver cancer, may be more susceptible to
SARS-CoV-2 infection due to dysregulated innate and ac-
quired immunity.49:50 Thus, the effects of different basic
liver conditions on COVID-19-related liver injury need to
be meticulously evaluated.3 According to existing reports,
the proportion of CLD patients was low in COVID-19 cases.
A large-scale meta-analysis showed that the pooled prev-
alence of underlying CLD among COVID-19 patients and
critically ill patients were 3.6% and 3.9%, respectively.>!
Similar to the clinical features of ordinary COVID-19 pa-
tients, the liver injury in COVID-19 patients with CLD is also
correlated with the severity of disease and poor prognosis.
A study involving 105 SARS-CoV-2 and chronic hepatitis B
virus (HBV) co-infected patients showed that abnormal liver
enzymes of those patients were relatively common at ad-
mission and significantly elevated during hospitalization, of
which 14 patients (13.33%) developed liver injury, being
more common in men (p=0.001); patients with liver injury
had a higher proportion of severe cases, complications rate,
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Fig. 1. Pathogenesis of COVID-19-related liver injury. GM-CSF, granulocyte-macrophage colony stimulating factor; NK, natural killer.

and mortality (all p<0.05).52

Notably, the interaction between COVID-19 and pre-ex-
isting CLD could cause liver injury and aggravate the course
of these two diseases.>3-55 A study collected clinical data of
228 COVID-19 patients with CLD from 13 Asian countries,
and found that among COVID-19 patients with CLD, 43% of
CLD patients without cirrhosis developed acute liver dam-
age, 20% of patients with compensated cirrhosis developed
acute-on-chronic liver failure (ACLF) (11.6%) or acute de-
compensation (9.1%), 57% of patients with decompensat-
ed cirrhosis showed progressive aggravation of liver injury,
and the mortality was as high as 43%.53 The cases of ACLF
secondary to SARS-CoV-2 infection have also been report-
ed.53:54,56,57 In addition, Iavarone et al.>* found that mortal-
ity was significantly higher in COVID-19 patients with cir-
rhosis than in COVID-19 patients without cirrhosis (34% vs.
18%; p=0.035) and cirrhotic patients hospitalized for bac-
terial infections (34% vs. 17%; p=0.03). Similarly, a study
including 2,780 COVID-19 patients found that patients with
CLD were at an increased risk for mortality (relative risk:
2.8; 95% confidence interval: 1.9-4.0; p<0.001) compared
to patients without CLD, and the relative risk was markedly
higher in patients with cirrhosis (relative risk: 4.6; 95%
confidence interval: 2.6-8.3; p<0.001).5° The above stud-
ies suggest that COVID-19 can increase the liver burden
of CLD patients and worsen the prognosis for patients with
poor liver reserve capacity, and vice versa. Therefore, in or-
der to avoid adverse clinical outcomes due to impaired liver
reserve capacity, it is necessary to carry out risk stratifica-
tion and personalization of the management for COVID-19
patients with CLD.

Pathogenesis of COVID-19-related liver injury

Although the mechanisms of liver injury in COVID-19 are
not yet clear, multiple factors have been considered as
the potential causes, including direct pathogenic effects of
SARS-CoV-2, cytokine storm, hepatic ischemia and hypox-
ia, DILI, and aggravation of primary liver disease (Fig.1).

Direct pathogenic effects of SARS-CoV-2

Wander et al.58 first reported a COVID-19 case with acute
hepatitis as the initial manifestation, suggesting that liver
could also be the target organ of SARS-CoV-2 infection.
With the increasing studies of hepatic pathology in COV-
ID-19, recently published data has indicated SARS-CoV-2
RNA and typical coronavirus particles in liver tissue,3%:37
which suggests that SARS-CoV-2 could directly infect
hepatocytes. As the cellular receptor of SARS-CoV-2, an-
giotensin-converting enzyme 2 (ACE2) is mainly expressed
in bile duct epithelial cells rather than liver tissue; thus, the
route of SARS-CoV-2 infection to hepatocytes is not clear.
In a mouse model of acute liver injury with partial hepa-
tectomy established by Guan et al.,>° the up-regulated ex-
pression of ACE2 mRNA after liver injury corresponds to the
elevation of AST and ALT, suggesting that ACE2 expression
in bile duct epithelial cells might be involved in the liver
repair process, while those newborn hepatocytes might still
maintain the characteristics of expressing ACE2, making
them susceptible to SARS-CoV-2. Attention should also be
paid to the non-ACE2-dependent manner of SARS-CoV-2
infection. The antibody-dependent enhancement (referred
to as ADE) of virus infection is a phenomenon that virus-
specific antibodies can enhance the replication and infec-
tion ability of the virus to enter monocytes/macrophages
and granulocytes by interacting with Fc receptors and/or
complement receptors.69 A study showed that anti-SARS-
CoV spike protein antibody can trigger ADE and mediate
SARS-CoV entrance into immune cells that do not express
ACE2.6! Therefore, it is worth considering whether ADE can
also mediate SARS-CoV-2's infection in hepatocytes in a
non-ACE2-dependent manner and then cause liver dam-
age. In addition, a study showed that hypoxia can induce
an increase of ACE2 expression in human hepatocytes.62
Since patients with COVID-19 often suffer from different
degrees of hypoxia and systemic inflammatory reactions,
hepatocytes may increase their susceptibility to SARS-
CoV-2 through up-regulation of ACE2 expression under hy-
poxia conditions.

242 Journal of Clinical and Translational Hepatology 2021 vol. 9 | 239-246



Wu H. et al: Abnormal liver enzymes in COVID-19
Cytokine storm

Laboratory examination of COVID-19 patients has mainly
showed a decrease of lymphocytes, an increase of infec-
tion-related markers (including PCT, ESR, SF, and CRP) and
inflammatory cytokines (including tumor necrosis factor-a
[TNF-a], IL-2 receptor [IL-2R], and IL-6). These biochemi-
cal indicators were significantly increased in severe cases,
which can lead to aggravation of inflammatory reactions
and generation of cytokine storms.®3 Cytokine storm is the
excessive activation of the immune system caused by in-
fection, drugs, or certain diseases. It involves the continu-
ous activation and proliferation of various lymphocytes and
macrophages, and leads to a rapid and large secretion of
various cytokines, including TNF-a, interferons (INFs, in-
cluding INF-a, INF-B, INF-y), IL-1, IL-6, IL-8, finally causing
serious damage to vital organs through the inflammatory
cascade reaction.®* Similar to SARS, cytokine storm is a
characteristic manifestation in critically ill COVID-19 pa-
tients, which is also the main cause of disseminated intra-
vascular coagulation, acute respiratory distress syndrome,
and multiple organ failure.®> Phipps et al. found that in
COVID-19 patients, severe liver injury was associated with
markers of end-organ dysfunction, including peak levels of
high-sensitivity troponin, CK, and serum creatinine, as well
as inflammatory markers, including peak PCT, CRP, D-dimer,
SF and IL-6 levels (all p<0.001), suggesting that liver injury
may be related to the inflammatory response and cytokine
storm.6 In addition, compared with ALT, elevated AST level
seems to be more common in COVID-19 patients with liver
injury and is closely related to poor prognosis. AST is widely
distributed in various organs, such as liver, heart muscle,
skeletal muscle, kidney, etc. Lei et al.12 found that AST el-
evation was positively correlated with lymphocyte reduction
and neutrophil elevation in COVID-19 patients, and the lat-
ter was a reliable indicator of disease severity, suggesting
that multi-organ damage caused by cytokine storms may
contribute to AST level abnormality.

Hepatic ischemia and hypoxia

Hypoxic hepatitis (HH), which is also known as ischemic
hepatitis and shock liver, refers to reversible central necro-
sis of the hepatic lobule caused by severe hypotension and
hypoxemia. It is characterized by sharp and transient eleva-
tion of serum transaminase, which usually reaches a peak
level within 24 h (>20 ULN) and returns to normal within
1-2 weeks. HH is caused by many factors, with heart failure
(39-70%) being the main cause, followed by septic shock
(32%), septicemia (23%) and respiratory failure (15%).66
Severe heart failure can cause liver congestion. The release
of inflammatory mediators and endotoxin during septic
shock may reduce the oxygen uptake ability of hepatocytes.
When the above conditions are combined with oxidative
stress induced by tissue ischemia-reperfusion, HH is more
likely to occur.66-68 A cohort study of 191 COVID-19 cases in
Wuhan showed that the most common complication of COV-
ID-19 patients was sepsis (59%), followed by respiratory
failure (54%), acute respiratory distress syndrome (31%),
heart failure (23%) and septic shock (20%).5° Moreover,
most COVID-19 patients have different degrees of hypox-
emia and more than 40% of them need oxygen therapy.38
The above complications are all risk factors for HH, indicat-
ing that COVID-19 patients may have a high risk of HH. In
addition, in liver autopsy of a patient who died of COVID-19,
a few hepatocytes with slight vesicular steatosis and watery
degeneration as well as inflammatory cells were observed,
which was considered to have been caused by hypoxia and
ischemia-reperfusion.> Therefore, from the perspective of

pathophysiology and histology, ischemia and hypoxia may
be one of the pathogeneses of COVID-19-related liver in-
jury. It should be noted that in the current reports of COV-
ID-19-related liver injury, most cases present with mild to
moderate elevation of liver enzymes, while cases of signifi-
cant liver enzyme elevation (>10 ULN) are still uncommon.
Therefore, further studies are needed to clarify HH as a pos-
sible mechanism to liver injury in COVID-19.

DILI

Currently, there are no specific antiviral drugs for COVID-19.
Interferon-a, lopinavir/ritonavir, ribavirin, chloroquine
phosphate and traditional Chinese medicine are the main
drugs for antiviral treatment.’? It has been reported that
more than 50% of COVID-19 patients received antibiotic
treatment during hospitalization.3® In addition, it is relative-
ly common for fever patients to take antipyretic-analgesics
before admission. As the main component of antipyretic-
analgesics, acetaminophen is the primary cause of acute
liver failure in occident.”t Of note, the above drugs have
been reported to associate with abnormal liver enzymes in
COVID-19 patients.12:25:26,42,72 piano et al.26 found that de
novo abnormalities of liver enzymes were more common
in COVID-19 patients receiving lopinavir/ritonavir (64% vs.
48%, p=0.045), acetaminophen (63% vs. 47%, p=0.048),
piperacillin/tazobactam (72% vs. 50%, p=0.013) and toci-
lizumab (82% vs. 52%, p=0.009). Another study showed
that the use of lopinavir/ritonavir, ribavirin, interferon-be-
ta and corticosteroids was independently associated with
ALT/AST elevation in COVID-19 patients.42 Falcdo et al.”?
reported a significant liver enzyme elevation (~10 ULN) in
a COVID-19 patient after using hydroxychloroquine, sug-
gesting that hydroxychloroquine may have hepatotoxic-
ity. Lopinavir/ritonavir is mainly metabolized by liver, and
Fan et al.?5> found that the proportion of patients treated
with lopinavir/ritonavir was significantly higher in the group
with liver injury than the group without (57.8% vs. 31.3%,
p=0.01), suggesting that liver injury may be related to the
use of lopinavir/ritonavir.

Remdesivir has been reported to cause a significant in-
crease in serum transaminase after usage in COVID-19 pa-
tients.”374 In a study, after remdesivir treatment, marked
ALT/AST elevations and life-threatening elevations were ob-
served in 6% and 2% of COVID-19 patients, respectively.”>
Furthermore, a pharmacovigilance analysis performed using
VigiBase to summarize hepatic impairment showed that with
remdesivir, increased liver enzymes were the most frequent
adverse drug reactions (114, 88%), involving ALT/AST in 79
cases (61%) and bilirubin in 4 cases (3%).7® According to
Leegwater et al.,”” who reported that one severe COVID-19
patient experienced an acute increase in ALT (1,305 IU/L)
and AST (1,461 U/L) levels after receiving remdesivir treat-
ment, and the interaction between P-glycoprotein inhibitors
chloroquine and remdesivir had been considered to cause
this acute toxic liver injury.

Muhovi¢ et al.”8 described the first case of a severe COV-
ID-19 patient who developed DILI associated with the use
of tocilizumab, marked by a 40-fold increase in transami-
nases levels. Notably, in this research, the diagnosis of DILI
induced by tocilizumab was based on the Roussel Uclaf Cau-
sality Assessment Method (RUCAM). RUCAM is appreciated
as a structured, standardized, validated, and liver-specific
diagnostic approach that attributes scores to individual key
items, providing final quantitative causality grading for each
suspect drug/herb in a case report.”° In brief, RUCAM quan-
tifies the strength of association between a liver injury and
the medication implicated as the cause of the injury, so it
is recommended for assessing DILI cases.80.81 In practice,
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DILI commonly stands for the idiosyncratic DILI (iDILI)
which lacks clear dose dependency and is caused by un-
predictable events due to immunologic or metabolic drug
reactions.82 However, at present, not many studies have
used RUCAM to evaluate iDILI in COVID-19. Considering the
use of pharmacotherapy for COVID-19 may reflect disease
severity, the diagnosis of iDILI in COVID-19 may be con-
founded. Thus, using the updated RUCAM to verify causality
in suspected iDILI cases is necessary.

COVID-19 patients, especially critically ill patients, often
need to take multiple drugs combined with therapy, which
is more likely to increase the risk of DILI under the con-
dition of systemic immune disorder. Therefore, the use of
medicine should be rational to reduce the chance of DILI in
clinical practice.

Excitation and aggravation of primary liver disease

Existing research has shown that COVID-19 patients with
underlying liver disease have a higher risk of progressing
to severe COVID-19 and could exacerbate original liver
disease.>3:54 There are multiple reports of COVID-19 pa-
tients complicated with ACLF, emphasizing the influence of
several factors on basic liver diseases during the course of
COVID-19. Hepatitis B patients who are receiving antiviral
therapy may have hepatitis attacks if they stop using anti-
HBV drugs during the period of COVID-19. For those who
have not received anti-HBV therapy, receiving high-dose
hormone therapy may lead to hepatitis B virus reactiva-
tion (referred to herein as HBVr).* Therefore, as the Ameri-
can Gastroenterological Association recommends, antiviral
prophylaxis should be provided for patients with high and
moderate risk of HBVr treated with immunosuppressive
drugs, while routine antiviral prophylaxis in patients with
low risk of HBVr should be carefully considered.83 In ad-
dition, attention should be paid to the potential impact of
MAFLD on COVID-19-related liver injury. MAFLD is associ-
ated with extra-hepatic manifestations of metabolic syn-
drome. As an important immune organ of the human body,
the liver contains a large number of macrophages. MAFLD
patients usually have different levels of elevated inflamma-
tory cytokines and SARS-CoV-2 infection can lead to im-
mune stress; as such, it may accelerate the progression of
MAFLD and lead to liver injury.84

The pathogenesis of COVID-19-related liver injury has
not been clarified at present. In addition to the possible
pathogenesis mentioned above, some scholars have also
proposed the hypothesis that SARS-CoV-2 directly acts on
hepatocytes or activates Kupffer cells through the “intes-
tine-liver” axis after intestinal infection, and thus leads to
liver injury.85 In addition, some scholars believe that me-
chanical ventilation increases the positive end-expiratory
pressure of the patient, causing an increase in right atrial
pressure and obstructing venous return, thus leading to liv-
er congestion, which may be one of the mechanisms of liver
injury in COVID-19.86 However, no research has confirmed
the above views so far. Notably, the pathological changes
of COVID-19-related liver injury are complex and diverse,
which may be involved in a variety of pathogenesis factors,
and therefore more related research is needed to explore
its mechanism.

Treatment of COVID-19-related liver injury

At present, antiviral treatment for COVID-19 remains in-
vestigational, while etiological treatment is limited. Thus,
for patients with COVID-19-related liver injury, the cur-
rent therapy is mainly supportive treatment based on the
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severity of liver injury. Mild liver biochemical abnormali-
ties in COVID-19 patients are usually transient and can
recover without special treatment. However, for patients
with acute severe liver injury, the probable causes of injury
should be fully considered, including a history of preexist-
ing liver disease, exposure to hepatotoxins, hypoxia, and
circulation status. Meanwhile, liver biochemical indicators
should also be closely monitored to prevent the occurrence
of acute liver failure. Respiratory and circulatory support
should be strengthened in patients with hypoxic hepatitis.
For patients with suspected DILI, discontinuation or reduc-
tion of the use of suspected drugs should be considered.* As
for patients with underlying liver disease, liver-protecting
drugs should be given appropriately, and the combination
of immunosuppressive drugs and antiviral therapy in those
with viral hepatitis should be carefully considered. For liver
transplant patients, although studies showed that reducing
immunosuppressive agents did not increase the risk of mor-
tality, the application of immunosuppressant should still be
weighed.8”

Conclusions

In conclusion, the overall incidence of abnormal liver en-
zymes is high in COVID-19 patients, especially in severe
cases, and is associated with poor prognosis. Advanced
age, male sex and high BMI are the predictors of abnormal
liver enzymes in COVID-19. Pediatric patients with COVID-
19-related liver injury usually experience minor symptoms.
COVID-19 patients with CLD have a higher risk of develop-
ing liver injury and progressing to severe cases. COVID-19
may aggravate their primary liver diseases and the prog-
nosis mainly depends on the liver reserve capacity. In clini-
cal practice, extra attention should be paid to the potential
impact of underlying diseases on COVID-19-related liver
injury, although the clinical data is still insufficient.

So far, the understanding of COVID-19-related liver in-
jury has been constantly increasing. Recent research has
shown that SARS-CoV-2 can directly infect hepatocytes,
providing a new vision for the pathogenesis of liver injury.
In addition, close attention should be paid to the adverse
effect of drugs on liver in the treatment for COVID-19, es-
pecially iDILI. In fact, there is compelling evidence that the
liver injury observed in patients with COVID-19 is at least
partially due to iDILI. To verify causality in suspected cases,
the updated RUCAM published in 2016 should be used. Until
there is verifiable evidence to support the theory, clinicians
should carefully consider the risk of DILI and try to avoid
the overuse of relevant drugs. At last, although COVID-19
vaccination has begun worldwide, the threat of COVID-19
and its hepatic damage should not be underestimated.
Further research on effective treatment methods for COV-
ID-19-related liver injury is essential. Clinical staff should
continue to summarize the clinical characteristics and treat-
ment experience of COVID-19-related liver injury to provide
new theoretical basis for its standardized treatment and in-
depth mechanism research.
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